AD-AL57 168  COMPRESSOR RESEARCH FACILITY F100 HIGH PRESSURE 1/3 -
COMPRESSOR INLET TOTAL PR.. (U) AIR FORCE WRIGHT
AERONAUTICAL LABS WRIGHT-PATTERSON AFB OH

UNCLASSIFIED W W COPENHAVER OCT 84 AFWAL-TR-84-2030 F/G 21/5

\

.
] Bsl || [
N
| e | [ [ F
I ENCT
HEEEENE

B
B
|
B
_




-

8
1.6

1.4
==

]
2
a

1.25

I
R

MICROCOPY RESOLUTION TEST CHARY
MATIONAL BUREAU OF STANDARDS-1963-A

¥
\

EPee Y il - o IR RO, T e i P MmN INRURY - A ° & e RN WM Y
‘ - o p )




I P W I S DR WA AT DA USRI AR S UM ARV AN S0 R S o A diei Tt Tt S0 T/~ e S i A By

AFWAL-TR-84-2030 E

00

o

P

N
&_n_ COMPRESSOR RESEARCH FACILITY F100 HIGH PRESSURE :
< COMPRESSOR INLET TOTAL PRESSURE AND SWIRL PROFLE :
, I SIMULATION :
Q :
<
.
Wiliam W. Copenhaver i
{
¢
Technology Branch "

Turbine Engine Division
sn-huc 1984
Report for Period December 1380 - November 1983 ,
B L
% :
<5 Approved for Public Release, Distribution Unfimited X
W N
= ,.
[y :
AERO PROPULSION LABORATORY }
E’ AIR FORCE WRIGHT AERONAUTICAL LABORATORIES

AR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433 X

\ . ﬁ*\)\ \,‘V\P -I“ ‘\ \ ‘_'\'_\-.-_‘..:.:_\|:.- % N A A



v?’d
\r

DS IPUCNE e, PUOINMIRUSTL R ol i DRl S NN .

Yoa o Pin .t Y T L s VI o IO, st NP OO LA A SIS S A UL B GV e aret A AL L i e e LSS A sl Sl ey

NOTICE

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data, is not to be re-
garded by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to manufacture
use, or sell any patented invention that may in any way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA) and is
releasable to the National Technical Information Service (NTIS). At NTIS, it will
be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

[fllern &/ Gk LYW

WILLIAM W. COPE WALKER H. MITCHELL
Compressor Test Group Chief, Technology Branch

Technology Branch Turbine Engine Division
Turbine Engine Division

FOR THE COMMANDER

VIR k.

H. IVAN BUSH
Director, Turbine Engine Division

Aero Propulsion Laboratory

"Tf your address has changed, if you wish to be removed from our mailing list, or
if the addressee is no longer employed by your organization please notify AFWAL/POTX,
W-PAFB, OH 45433 to help us maintain a current mailing list".

Copies of this report should not be returned unless return is required by security
considera“ions, contractual obligations, or notice on a specific document.

T eve .

‘r-r*- ‘



ORI U 0 M W L NI A Hal AL e it S0, Rt G M TR SN, 0, e . 1 h, e e R N N N L Ny oo yea

UNC! ASSTEIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BgFgggvcgggfggggﬂgm X
[T, REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER :
AFWAL -TR-84-2030 \D-A 157 /ﬂS/ D
4. TITLE (and Subtie) S. TYPE OF REPORT & PERIOD COVERED -
COMPRESSOR RESEARCH FACILITY F100 HIGH PRESSURE Final Dec 1980-tNov 1983 i
COMPRESSOR INLET TOTAL PRESSURE AND SWIRL PROFILE b
SIMULATION 6. PERFORMING OG. REPORT NUMBER g
i
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s) :
William W. Copenhaver ;
1,
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. :zggk‘AgoEnLKEnsrTTNPuﬁuo.lECT TASK :‘
Aero Propulsion Laboratory (AFWAL/POTX) Program Element:  62203F "
Air Force Wright Aeronautical Laboratories (AFSC) [Project: 3066 Task: 17 4
Wright-Patterson AFB OH 45433 Mork Unit: 30661754 N
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT OATE ;
Aero Propulsion Laboratory (AFWAL/POTX) October 1984 -
Air Force Wright Aeronautical Laboratories (AFSC) |73 Wumseror paces &
Wright-Patterson AFB OH 45433 287
14, MONITCT'"TNG AGENCY NAME & ADDRESS(i{ different from Controlling Olfice) 1S. SECURITY CLASS. (of this reporr) L_"
-
Unclassified P
15a. DECL ASSIFICATION/ DOWNGRADING *
SCHEDULE E
16. OISTRIBUTION STATEMENT (of thie Report) i:
Approved for public release; distribution unlimited.
17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, i dillerent froet Reporet) é.
o’
18. SUPPLEMENTARY NOTES :
Iy
19. KEY WORDS (Cantinue on reverse side if necessary and identily by block number) "
aerodynamic tests wedge probe "
swirl profiles compressor profiles N
pressure profiles instrumentation N
inlet guide vanes Data Acquisition System ¢
20. ABSTRACT (Continue on reverse aide I necesasary and identify by bdlock number) "
A component test of the F100(3) high pressure compressor will be performed in 5
the Compressor Research Facility (CRF) at Wright-Patterson Air Force Base. This \
report documents the efforts to obtain total pressure and swirl profiles for the D
test that corresponds to those that exist in an operational engine. The data L
acquisition methods and results of a test to obtain the engine profiles are
detailed. The design and testing efforts to simulate these profiles through -
preswirl vanes and screens are also defined. The CRF F100 inlet hardware con- s
figuration detailed in this report provides adequate engine inlet profile )
DD ,'on'ys 1473  £oiTioN OF 1 OV 6813 OBSOLETE UNCLASSIFIED ;

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)




- e

MM  wrrEp. -Als Snraracsaie L atERCM ARral o Tt R S

AFWAL-TR-84-2030

TABLE OF CONTENTS

SECTION PAGE

I INTRODUCTION
1. General
2. Program Objectives
3. Test Schedule
Il ENGINE CORE INLET PROFILES
1. General Requirements
2. Data Acquisition System
a. System Hardware

P A L

H L A s N =

b. System Software and Data Reduction 13 K
c. Data System Uncertainty and Verification 15 N
3. Data Acquisition 18 K
4. Results and Discussion 21 i
I1 EXISTING PRESWIRL VANE TEST 36
1. General Requirements 36 ?
2. Test Facility 36
3. Test Article 38 '
a. Facility Adaptation Ring and Diffuser Cone 38 »
b. Intermediate Case and Inlet Adapter Duct 44 ]
c. Preswirl Vane Assembly and Screen Holder a4
d. Bellmouth Nose Cone Assembly 44
4. Data Acquisition System 47 \
a. Hardware Modifications 47 \
b. Software Modifications 54
5. Data Acquisition 56
6. Results 58
v MODIFIED PRESWIRL VANE AND SCREEN TEST (PHASE I) 67 .
1. General Requirements 67
2. Preswirl Vane and Screen Désign 67 ;
3. Data Acquisition System 70
a. Hardware Modifications 70 :
b. Software Modifications 76
4. Data Acquisition 78 X
5. Data Reduction and Analysis 78 \

GRS U0 SRR, G F e ...‘~ ST, '\,- R L R A SO P (R N Uy J' LR .. ¢ *. NI -_.)~'.~€.\.ﬁéu'“ W

wou



« Lo

R L R IR WA Vi L L N ie N1 G NI G S R IR N R YW a B ol 1 aP DIADD B i ML RS L P e Y Py Vad-n oo bri .5 e et Al mt

AFWAL -TR-84-2030

TABLE OF CONTENTS (Concluded)

SECTION ~ PAGE

v MODIFIED PRESWIRL VANE AND SCREEN TEST (PHASE II) 84

1. General Requirements 84

2. Preswirl Vane and Screen Modifications 84

3. Data Acquisition System 84

a. Hardware Modifications 86

b. Software Modifications 86

4. Data Acquisition 89

5. Data Analysis 89

a. Swirl Angle Profiles 89

b. Total Pressure Profiles 102

c. Discussion 109

VI MODIFIED PRESWIRL VANE AND SCREEN TEST (PHASE III) 116

1. General Requirements 116

2. Preswirl Vane and Screen Modifications _ 116

3. Hardware Modification 116

4. Data Acquisition (Testing) 116

5. Data Analysis 118

a. Swirl Angle Profiles 118

b. Total Pressure Profiles 125

VII DISCUSSION 135

VIII SUMMARY 140

IX CONCLUSIONS 141

X RECOMMENDATIONS 142

~ APPENDIX A ENGINE CORE INLET TEST PREPARATION 143

APPENDIX B DATA SYSTEM UNCERTAINTY ANALYSIS 152

APPENDIX C ENGINE CORE INLET TEST DATA . 181

APPENDIX D EXISTING PRESWIRL VANE TEST PREPARATION AND DATA 185

APPENDIX E MODIFIED PRESWIRL VANE DESIGN AND PHASE I TEST DATA 201

APPENDIX F MODIFIED PRESWIRL VANE TEST PHASE II PREPARATION AND DATA 234

APPENDIX G MODIFIED PRESWIRL VANE TEST PHASE III PREPARATION AND DATA 254

REFERENCES 270
vi !

L T QO R A, A A G S L, SO S R A SR A, et S, S BT A A AV Sa S Sl 0 s



AFWAL -TR-84-2030

FIGURE

W 0O N O O & W NN -~

—
o

—
o

12

13

14

15

16

17

18

19

20

21

22
23
24

LIST OF ILLUSTRATIONS

CRF/F100 Inlet Profile Verification Test Program Schedule
Schematic of Fan and Core Flow Path

Schematic of Data Acquisition System

Wedge Probe Sensing Ports

Traverse to Engine Interface Plate

Probe to Traverse Alignment Plate

Pressure Measurement Schematic

Hewlett Packard 9825T Data Acquisition System Flow Chart
Spanwise Measurement Locations

Core Entrance Profile of Temperature at Station 2.5 in
F100(3) Engine P072

Core Entrance Profile of Temperature at Station 2.3 in
F100(3) Engine P072

Core Entrance Profile of Mach Number at Station 2.5 in
F100(3) Engine P072

Core Entrance Profile of Mach Number at Station 2.3 in
F100(3) Engine P072

Core Entrance Profile of Total Pressure at Station 2.5 in
F100(3) Engine P072

Core Entrance Profile of Total Pressure at Station 2.3 in
F100(3) Engine PQ72

Core Entrance Profile of Static Pressure at Station 2.5 in
F100(3) Engine P072

Core Entrance Profile of Static Pressure at Station 2.3 in
F100(3) Engine P072

Core Entrance Profile of Swirl Angle at Station 2.5 in
F100(3) Engine P072

Core Entrance Profile of Swirl Angle at Station 2.3 in
F100(3) Engine P072

Core Entrance Profile of PT/PT(AVG) at Station 2.5 in
F100(3) Engine PO72

Core Entrance Profile of PT/PT(AVG) at Station 2.3 in
F100(3) Engine P072

Test Chamber Schematic
Airflow Control Schematic
Exhauster Control Panel

vii

PAGE

o O W

11
11
12
16
19

22

23

24

25

26

27

28

29

30

k)|

32

33
37
39
40

% A

NIRTN,

b\ ¢3 ]

L N

¢ -4 P

7 e [Pl

6% 4

- R E W T poY-A e




AFWAL -TR-84-2030

FIGURE

25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41

42

43

“

45

46

47

48

49
50

‘.o\ EA .( _-\.q.. R

'

O

LIST OF ILLUSTRATIONS (Cont'd)

CRF/F100 Inlet hardware Schematic

Diffuser Cone and Facility Adaptation Ring
Diffuser Cone Interface Ring

Inlet Hardware Installation

F100(2) Intermediate Case

Preswirl Vane Assembly

Existing Preswirl Vane

Screen Holder Assembly

S1ip Ring Support Assembly

Nose Cone Installation

Bellmouth Tie Rod Installation

Test Article

Schematic of Aero Propulsion Laboratory Test Facility Data

Acquisition System

Quartz Thermometer Installation

Scanivalve Pressure Measurement Schematic

Data Acquisition Control Center

Original Preswisl Vane
(Vane Angle = 0")

Original Presu'isl Vane
(Vane Angle = 5)

Original Preswir& Vane
(Vane Angle = 10%)

Original Preswir; Vane
(Vane Angle = 15%)

Original Preswirl Vane
(vane Angle = 20”)

Original Presw1r3 Yane
(Vane Angle = 25")

Original Presuirl Vane
(Vane Angle = 30")

Original Preswira Yane
(Vane Angle = 33%)

Station 2.5 Swirl
Station 2.5 Swirl
Station 2.5 Swirl
Station 2.5 Swirl
Station 2.5 Swirl
Stattion 2.5 Swirl
Station-2.5 Swirl

Station 2.5 Swirl

Distribution

Distribution

Distribution

Distribution

Distribution

Distribution

Distribution

Distribution

Intermediate Case Inner Diameter Flow Path Varfations
CRF/F100 Preswirl Vane, Vane Exit Swirl Distribution

R TS 7, SR S, S, S S, G Stk

viii

2 A AN P N A N S D A

ot

PAGE

41
42
42
43
45
45
46
46
48
48
49
49

50
52
53
55

59
60
61
62
63
64
65

66
68
69

A LIPS A YN

B rw W e gl el

s 9 _V S

-

WK NAAPS |

"-’!'n"\‘l"n'l‘.\‘:



e Mra A A A Y W e

AFWAL -TR-84-2030

AP LI ik St At il DV bl A il adelom

LIST OF ILLUSTRATIONS (Cont'd)

PR I i ey i

FIGURE

51 Modified Preswirl Vane
52 CRF/F100 Preswirl Vane, Vane Exit Pressure Profile
53 Phase I - Screen Configuration
54 Modified Preswirl Vane Installation
55 F100 Engine Total Pressure Probe
56 Modified Preswirl Vane Test (Phase I) Scanivalve Configuration
57 Station 2.5 Swirl Profile Comparisons (Modified Preswirl

Vanes - Phase I)
58 Station 2.3 Swirl Profile Comparisons (Modified Preswirl

Vanes - Phase I)
59 Station 2.5 Total Pressure Comparisons (Modified Preswirl

Vanes - Phase 1)
60 Stationary Screen Holder
61 Phase II - Screen Configuration
62 Modified Preswirl Vane Test (Phase II) Scanivalve Configuration
63 Modified Vane Position Indicator
64 Re Installation Effects on Swirl Profiles, PSV = Q°

" 65a Re Installation Effects on Swirl Profiles at Station 2.3, PSV =
65b Re Installation Effects of Swirl Profiles at Station 2.5, PSV =
66a Re Installation Effects on Swirl Profiles at Station 2.3, PSVY =
66b Re Installation Effects on Swirl Profiles at Station 2.5, PSV =
67 Re Installation Effects on Swirl Profiles, PSV = 20°
68 Phase 1 - Screen Configuration Swirl Profiles (PSV = 259)
69 Phase I - Screen Configuration Swirl Profiles (PSV = 270)
70 Phase I - Screen Configuration Swirl Profiles (PSV = 30°)
71 Phase I - Screen Configuration Swirl Profiles (PSV = 350)
72 Swirl Profiles (Phase II), PSV = Q°
73 Swirl Profiles (Phase II), PSV = 10°
74 Swirl Profiles (Phase II), PSV.= 15°
75 Swirl Profiles (Phase I1), PSV = 20°
76 Swirl Profiles (Phase II), PSV = 25°
77 Swirl Profiles (Phase I11), PSV = 30°
ix
1 RO A S AR A IR R X o N N N e e e T T S T T T NI

10°
10°
15°
15

PAGE

71
72
73
73
74
75

80

81

82
85
85
87
88
90
91
92

93
94

95

97
97

97
97

99
99
99
99
100
100

Lo 8 24 (A rop

vE s e g v

.- - e -



AFWAL -TR-84-2030

FIGURE

78
79
80
81
82
83
84
85
86
87
88

89

90

91

92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

Swirl
Swirl
Swirl
Swirl
Swirl
Swirl
Swirl
Swirl
Swirl

Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles
Profiles

LIST OF ILLUSTRATIONS (Cont'd)

(Phase I1), PSV
(Phase II), PSV
(Phase I1), PSV
(Phase II), PSV
(Phase II), PSV
(Phase II), PSV
(Phase II), PSV
(Phase I1), PSV
(Phase 11), PSV

35°
27°
28°
29°
29°, station
299, station
299, Station
29°, Station
29, Station

Traverse Location Behind Inlet Guide Vanes

Swirl
PSY =

Re Insta

PSV =

PSV =

PSV =
Phase
Phase
Phase
Phase
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Profiles
158

10
15

20
I
I
I
I
Pressure
Pressure
Pressure
Pressure
Pressure
Pressure
Pressure

Pressure
Pressure
Pressure
Pressure

Octant 1

Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase
Profile (Phase

I1),
1),
I1),
11),
11),
1),
),
I1),
11),
11),
1),

PSV
PSV
PSV
PSV
PSV
PSv
PSV
PSV
PSV
PSV
PSV

2.5, Octant 1
2.5, Octant 2
2.5, Octant 6
2.5, Octant 7
2.5, Octant 8

Bshind Inlet Guide Vanes (Phase II),
and 29

AIation Effects on Station 2.5 Total Pressure Profiles,

Re Insta&]ation Effects on Station 2.5 Total Pressure Profiles,

Re Instaslation Effects on Station 2.5 Total Pressure Profiles,

Screen Configuration Total Pressure Profile (PSV = 25°)
Screen Configuration Total Pressure Profile (PSV = 279)
Screen Configuration Total Pressure Profile (PSV = 30°)
Screen Configuration Total Pressure Profile (PSV = 35°)

= 0°, Station 2.5

10°,
159,
20°,
25°,
27°,
28°,
29°,
30°,
359,
29°,

Station
Station
Station
Station
Station
Station
Station
Station
Station
Station

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5,

PAGE

100
100
101
101
101
101
103
103
103
104

104

105

106

107
108
108
108
108
110
110
110
110
111
111
111
111
112
112

112

R |

- - ..
. O I
Dbind




RNl i Al i i S S T el - B e W ey —

AFWAL-TR-84-2030

LIST OF ILLUSTRATIONS (Cont'd)

FIGURE PAGE
107 Total Pressure Profile (Phase II), PSV = 29°, station 2.5,

Octant 2 112
108 Total Pressure Profile (Phase II), PSV = 292 Station 2.5,

Octant 6 113
109 Total Pressure Profile (Phase II), PSV = 29°, Station 2.5,

Octant 7 113
110 Total Pressure Profile (Phase II), PSV = 29°, Station 2.5,

Octant 8 113
111 Octant 8, Total Pressure Repeatibility, PSV = 29° 114
112 Total Pressure Profile Behind IGV (Phase II), PSV = 15° 115
113 Total Pressure Profile (Phase II), PSV = 15%, Station 2.5 115
114 Screens with Quter Portion Removed 117
115 IGV Traverse Location, Octant 7 117
116 Swirl Profiles (Phase III), PSV = o° 119
117 Swirl Profiles (Phase II1), PSV = 10° 119
118 Swirl Profiles (Phase III), PSV = 15° 119
119 Swirl Profiles (Phase III), PSV = 20° 119
120 Swirl Profiles (Phase III), PSV = 259 120
121 Swirl Profiles (Phase III), PSV = 30° 120
122 Swirl Profiles (Phase III), PSV = 35° 120
123 Swirl Profiles (Phase III1), PSV = 220 121
124 Swirl Profiles (Phase III), PSV = 23° 122
125 Swirl Profiles (Phase III), PSV = 23°, station 2.5,

Octant 1 123
126 Swirl Profiles (Phase III), PSV = 23°, Station 2.5,

Octant 2 123
127 Swirl Profiles (Phase III), PSV = 23°, Station 2.5,

Octant 3 123
128 Swirl Profiles (Phase III), PSV = 23°, Station 2.5,

Octant 6 . 123
129 Swirl Profiles (Phase III), PSV = 23°, Station 2.5,

Octant 7 124
130 Swirl Profiles (Phase III), PSV = 23°, Station 2.5,

Octant 8 124
131 Swirl Profile Behind IGV (Phase III), PSV = 15°, Octant 7 126

xi

R R SRR e e T T AT A T AT A ﬁﬂx

4 !’ f.‘u-l’.f. A




P DR A o RAp g ek A s ot BRI AL A A AR S M50 S M & Ml T A e BT I AN A AN (U SN A il srg JOer ry ot

FWAL-TR-84-2030

LIST OF ILLUSTRATIONS (Cont'd)

IGURES PAGE
32 Swirl Profile Behind IGV (Phase III), PSV = 23°, Octant 7 126
33 Swirl Profile Behind IGV (Phase III), PSV = 15%, Octant 2 126
34 Swirl Profile Behind IGV (Phase III), PSV = 23° oOctant 2 126
35 Total Pressure Profile (Phase III), PSV = @° 127
36 Total Pressure Profile (Phase I1I), PSV = 10° 127
37 Total Pressure Profile (Phase 111), PSV = 159 127
.38 Total Pressure Profile (Phase III), PSV = 20° 127
139 Total Pressure Profile (Phase I1I), PSV = 25° 128
140 Total Pressure Profile (Phase III), PSV = 30° § 128
141 Total Pressure Profile (Phase I1I), PSV = 35° 128
142 Total Pressure Profile (Phase III), PSV = 22° 129
143 Total Pressure Profile (Phase II1I), PSV = 23° 130
144 Total Pressure Profile (Phase III), PSV = 23°, Station 2.5, Octant 1 131
145 Total Pressure Profile (Phase III), PSV = 23°, Station 2.5, Octant 2 131
146 Total Pressure Profile (Phase III), PSV = 23°, Station 2.5, Octant 3 131
147 Total Pressure Profile (Phase I11), PSV = 23°, Station 2.5, Octant 6 131
148 Total Pressure Profile (Phase I1I), PSV = 23%, Station 2.5, Octant 7 132
149 Total Pressure Profile (Phase II1), PSV = 23%, Station 2.5, Octant 8 132
150 Total Pressure Profile Behind IGV (PHASE III), PSV = 23%, Octant 2 134
151 Total Pressure Profile Behind IGV (PHASE III), PSV = 15°, Octant 2 134 E
152 Total Pressure Behind IGV (Phase III), PSV = 23°, Octant 7 134 .
153 Total Pressure Behind IGV (Phase III), PSV = 15°, oOctant 7 134
A-1 P072 Engine Test Data Acquisition Program Listing 150
3-1 Measurement Uncertainty Block Diagram 153
3-2 Uncertainty Analysis Program Listing and OQutput 159 .
)-1 Traverse Angular Calibration (S/N ER165263) 187 X
)-2 Traverse Radial Calibration (S/N ER165263) 188
)-3 Traverse Angular Calibration (S/N ER165262) 189
)-4 Traverse Radial Calibration (S/N ER165262) 190
-5 Sample of Existing Inlet Preswirl Vane Test Output 191
E-1 CRF/F100 Compressor Rig Inlet Model 203 :
E-2 CRF/F100 HPC Rig, Preswirl Vane Geometry (I) 204 ;

-3 CRF/F100 HPC Rig, Preswirl Vane Geometry (II) 205




K

\FWAL-TR-84-2030

-
4

. %

-
"y ey

LIST OF ILLUSTRATIDNS (Cont'd)

L

VS AL

*IGURE PAGE i
-4 CRF/F100 Preswirl Vane, Turning Distribution 206 g
£-5 CRF/F100 Compressor Rig Inlet, Screen Discharge Pressure Profile 3
at Design Flow 207 1
E-6 Modified Preswirl Vane Test (Phase I) Sample Output 208 ]
E-7 Total Pressure Profile, Station 2.5 (Phase 1), PSV=20°, Low Flow 217 :]
E-8 Total Pressure Profile, Station 2.5 (Phase 1), PSV=5°, X
Mach Number = .45 218 =
E-9 Total Pressure Profile, Station 2.5 (Phase I), PSV=10°, fg
Mach Number = .45 219 ]
E-10 Total Pressure Profile, Station 2.5 (Phase I), PSV=15°,
Mach Number = .45 220
£-11 Total Pressure Profile, Station 2.5 (Phase I), PSv=20°,
Mach Number = .45 221
£-12 Total Pressure Profile, Station 2.5 (Phase 1), PSV=0°,
Mach Number = .45 222
E-13 Total Pressure Profile, Station 2.5 (Phase I), PSV=5°,
Mach Number = .54 223
E-14 Total Pressure Profile, Station 2.3 (Phase I), PSV=15°,
Mach Number = .54 224
E-15 Total Pressure Profile, Station 2.3 (Phase 1), PSV=20°,
Mach Number = .54 225
E-16 Swirl Profile, Station 2.3 (Phase 1), PSV=0°, Mach Number = .45 226
E-17 Swirl Profile, Station 2.3 (Phase I), PSV=5°, Mach Number = .45 227
E-18 Swirl Profile, Station 2.3 (Phase I), PSV=10°, Mach Number = .45 228
€-19 Swirl Profile, Station 2.3 (Phase I), PSV=15°, Mach Number = .45 229
E-20 Swirl Profile, Station 2.3 (Phase I), PSV=20°, Mach Number = .45 230
£-21 Swirl Profile, Station 2.5 (Phase I), PSV=15°, Mach Number = .54,
Octant 1 231
£-22 Swirl Profile, Station 2.5 (Phase I), PSV=20°, Mach Number = .54,
Octant 1 232
E-23 Swirl Profile, Station 2.5 (Phase I), PSV=20°, Mach Number = .54,
Duplication ' 233
F-1 Modified Preswirl Vane Test (Phase II), Sample Output 235
F-2 CRF/F100 Inlet Flow Path 238
F-3 Wedge Probe Schematic 239
G-1 Data System Zero Point End-to-End Check 255
G-2 Data System End-to-End Check, 1 Psi on P1A 256
Xiii
N D e I e L T e e N T e e NN N




.~TR-84-2030

Figure 5. Traverse to Engine Interface Plate
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Figure 6. Probe to Traverse Alignment Plate
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crews before it was tightened down onto the interface plate.

To assure the wedge probe was aligned with the traverse, two critical checks
rere made. First, the probe head was checked to assure it was perpendicular with the
iedge edge. The procedure used to verify probe head alignment is detailed in
leference 4. Probe head-to-wedge alignment was assured to within +.1 minute. The
;econd check involved aligning the probe head to the traverse. This was done through
:he use of another alignment bracket. This bracket slipped over the traverse slide
juides and mated against the probe head, forcing it to the zero angle position, as
shown in Figure 6. With these checks and procedures, overall flow angle measurement
iccuracy was *1 degree.

Pressure obtained from the wedge probe during testing were converted to DC
roltages by Druck Model PDCR42 differential pressure transducers. Transducer pressure
‘anges were 0-1 psi, 0-15 psi and 0-50 psi for wedge probe measurements of P2-P3, P1-
’2 and P1-PATM, respectively. The transducers were bench calibrated before testing
to assure their characteristics were linear in the range of interest. The results
of this bench calibration are shown in Table A-4, Appendix A. Excitation voltages
for these transducers were maintained at 12 volts DC by Preston Model 8800 Universal
Signal Conditioners. Amplification of transducer output signals were obtained
through the use of Preston model 8300 XWB amplifiers. Gains were set to obtain
>utput levels in the range of 0 to 5 volts DC. ;

To obtain on-line calibration of the pressure transducers, four Model J
scanivalves were incorporated in the test system. Two transducers were referenced
to atmospheric pressure, PATM, while one transducer was referenced to another
scanivalve to measure differential pressure on the wedge probe. A schematic of the
ressure measurement equipment is shown in Figure 7. A scanivalve solenoid
controller, Model CTLR2/52-5S6, was used to control the common drive shaft of the
four scanivalves. These valves were positioned to six different ports for each test
condition. The order of sensing is shown in Table 1.
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The calibration facility provided a 2-inch diameter free jet in the Mach number
range of .17 to .50 at atmospheric static pressure. With the wedge probe set at a
null position, the calibration results for CPT and CPS were 0.998 and 0.905,
respectively, over the range of Mach numbers available. Details of the calibration
results are shown in Table A-1, Appendix A. Results of the angle sensitivity
calibration, shown in Table A-2, Appendix A, demonstrated that nulling of the probe
during testing was obtained to within 0.5 degrees in the most severe misalignment
case. In post test data reduction, the flow angle was corrected for this
misalignment.

No calibrations were performed to determine the effects of probe-wall
interactions or flow blockage by the probe. Although these errors do exist, as
described in References 2 and 3, the ultimate test objective is to simulate the
engine profiles in a compressor test where these interaction effects should be
consistent.

The traversing and rotating of the wedge probe were remotely performed by a
Northern Research and Engineering Corporation actuation system. Feed back signals
from the system's potentiometers were used to record radial and angular positions of
the probe. The probe actuator was calibrated to assure the accuracy of flow angle
measurement and core duct radial position. Voltages from the potentiometer
corresponding to traverse linear travel were correlated with the actual probe travel
measured with a vernier caliper accurate to within .001 inch. The calibration
results shown in Table A-3, Appendix A were linear within the range of travel;
therefore, a straight line fit was used and calibration constants derived. The same
procedure was followed for the traverse angular rotation. A protractor divided into
.1 degree intervals provided for a calibration accuracy of +.1 degree. Through
repetitive calibrations of the linear and angular potentiometers, repeatability was
determined to be within +.0002 inch and +.5 degree, respectively. These accuracies
were suitabie for the program requirements.

Traverse to engine alignment methods were developed in an effort to maintain
the accuracy required in flow angle measurement, as referenced to the engine axis.
These methods required that an alignment plate, shown in Figure 5, be placed on the
traverse to engine interface plate. The traverse was drawn up to this plate by cap
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THERMOCOUPLE

Figure 4. Wedge Probe Sensing Ports
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connected to different channels of the scanner. These channels were read by the
voltmeters by the scanner on command from the computer. Two digital channels were o
used to operate the scanivalve. The 3456A voltmeter is a six-digit integrating AC-

DC digital voltmeter capable of storing up to 350 readings at a time. It also has a

math option which allows it to determine maximum, minimum, average, and standard

deviation of a given set of readings. This option was utilized in test data

analysis. The 3456A was used for all pressure transducer calibrations and

measurements. A1l data were printed out on-line by the HP 9871A printer.

The inlet profile pressures and temperatures were obtained thru a wedge probe
sensing element. The probe used in the experiment was a .25-inch diameter United
Sensor Model WT-250-25-Cu/C wedge probe. This probe senses one temperature and E
three pressures (Pl1, P2, and P3), as shown in Figure 4. The temperature was
measured by a copper constantan thermocouple. Pl is proportional to the total ;
pressure, while the average of P2 and P3 is proportional to the static pressure.
The flow angle was determined by the nulling method. In this procedure, the probe
was rotated so that each of the side ports read the same pressure. Flow direction
is then determined from the physical position of the probe.

Prior to testing, the wedge probe was calibrated to determine its total and f
static pressure coefficients, CPT and CPS, which are defined as ;

P1 - PS
CPT = 7 = 7s (1)
and
(P1 - P2) + (P1-P3)
CPS = (P — 5} (2)

where PT and PS are the total and static pressure in the calibration nozzle. After
engine testing, an additional calibration was performed to determine flow angle
sensitivity, as there were difficulties in obtaining an absolute null position
during portions of the test.
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Figure 3. Schematic of Data Acquisition System
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SECTION II

ENGINE CORE INLET PROFILES

1. GENERAL REQUIREMENTS

This phase of the program involved the development of a transportable data
acquisition system and measurement of F100(3) HPC inlet profiles with this system. (Ref. I)
The test was performed at a test stand located at Pratt and Whitney Aircraft,
Florida. The core compressor inlet profiles acquired were total pressure, static
pressure, temperature and swirl angle. A cutaway of the F100 fan and core flow path
investigated is presented in Figure 2. Shown in this figure are the two axial
locations that were investigated. A wedge probe was traversed across the core flow
to obtain the desired profiles at these two axial locations. Since the 2.5 location 1
is further from the last rotor row of the fan (approximately four chord widths '
downstream), this position should have less time-varying pressure and temperature
fluctuations associated with the rotating stages of the fan. For this reason, the ’
2.5 location was considered the primary position for measuring the time-averaged
pressures and temperatures, while data obtained at station 2.3 were used for
comparison.

o o wé

2.  DATA ACQUISITION SYSTEM

i

a. System Hardware )

The data system hardware was selected for its high acquisition rate and f

modular design. These characteristics allowed for the required data to be obtained E
’

in a short period of time at a remote test site. A schematic of the data acquisition
hardware is shown in Figure 3.

The data acquisition system consisted of a Hewlett Packard 98257 desk top
computer, 3487A scanner, 3456A voltmeter, and a 9871A printer. The 98257 computer .
controlled the scanner and voltmeter by an IEEE 488 standard interface and the i~
printer via a 16-bit parallel interface: In addition, the computer was used for on-
line data reduction. The 3497A scanner has 20 analog data acquisition channels, 16
digital channels, an internal clock, and a built-in 5-1/2 digit integrating digital
voltmeter. Four analog channels were used for data acquisition and two for
measuring probe position. The three pressure transducers and the thermocouple were
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3.  TEST SCHEDULE

AN M L T s wate

Seiint A s

The tests were completed over a period of 37 months, starting December 1980.

The five tests progressed as shown in Figure 1.
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SECTION I

INTRODUCTION

1. GENERAL

(]
'
L]
L]
L2
b
[
]
]
’l
/
/

~‘The F100 gas turbine engine currently powers the Air Force F-15 and F-16
aircraft. The compression section of this engine consists of a three-stage fan
followed by a ten-stage High Pressure Compressor (HPC). A component test of the
F100 HPC will be performed in the Compressor Research Facility (CRF) of the Aero
Propulsion Laboratory (APL) at Wright-Patterson Air Force Base, to investigate its
stall and post stall characteristics. This testing will require that the high
pressure compressor entrance profiles be simulated to obtain results which
correspond to actual engine operation. Since these entrance profiles had never been
measured, a program was designed to experimentally measure the total and static
pressure, temperature and flow angle profiles at the HPC entrance of an F100 Series
3 engine (F100 (3)), (S/N P072).

The measured profile data were then used as design data for a set of inlet
screens and vanes. These vanes and screens will simulate the engine fan discharge
profiles for the HPC test. The manufactured screens and vanes were tested in Room
24 of Building 18 of the Air Force Wright Aeronautical Laboratories to verify their
simulation capabilities. Five separate test periods were necessary to achieve the
program goals. These tests are described in Sections II thru VI. The program
discussion and cgyclusions are presented in Section VII and VIII.

J K /,l" ol Ny /< ';—" /Vv’ B »7m | mmw:—()—af S‘WVJ** Van s
2. PROGRAM OBJECTIVES f T -
A T el nra~¢4L— il f 2! )

The program objectives were to measure the actual F10 engine HPC inlet (=~

pressure profiles within +1 percent and swirl angle profiles within +1 degree. With
these results as input data, a set of screens and vanes were designed and
manufactured by Pratt & Whitney Aircraft (P&WA) as part of the overall CRF F100 .
contract. The screens and vanes designed were tested to determine if the profiles
they produce meet the goal of the CRF F100 contract: to simulate actual engine HPC
inlet profiles during the CRF component test. This will assure that test results
can be compared to engine performance results.
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LIST OF SYMBOLS (Concluded)

Blade Inlet Angle

Blade Qutlet Angle

Air Outlet Angle

Blade Chord Angle

Ratio of Specific Heats for Gas Mixture
Blade Camber Angle

Turning
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LIST OF SYMBOLS
A Area
A1 Amplifier Gain (Trunsducer 1)
b Chord Length
CPS Static Pressure Coefficient
cPT Total Pressure Coefficient
{ E0 Amplifier Qutput Voltage
Eo £ Amplifier Offset Voltage
Es Transducer Supply Voltage
E Transducer Output Voltage
f 9c A Constant that Relates Force, Mass, Length, and Time
LER Leading Edge Radius
M Mach Number
m Mass Flow Rate
ﬁcorr Corrected Mass Flow Rate
P1 Wedge Probe Total Pressure
P2 Wedge Probe Side Face Pressure (Left)
P3 Wedge Probe Side Face Pressure (Right)
P4 Bellmouth Wall Static Pressure
P5 Station 2.5 0.D. Wall Static Pressure
P6 Total Pressure at Station 2.5 (Rake)
PATM Atmospheric Pressure
PS Static Pressure
PT Total Pressure
PTavg Average Spanwise Total Pressure
R Gas Constant for Air
S Sensitivity of Transducer
t Blade Thickness
TER Trailing Edge Radius
1T Total Temperature
U Uncertainty

v Volume
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TABLE 1 - ORDER OF PRESSURE MEASUREMENT

Measurement Order “ Transducer

0-1 psid 0-15 psid 0-50 psid

1 0 psid 0 psid ' 0 psid
2 0 psid 4 psid 35 psid
3 P3-P2 P1-P2 PT-PATM
4 P2-P3 P1-P3 P1-PATM
5 0 psid 4 psid 35 psid
6 0 psid 0 psid 0 psid

The scanivalve remained on a port for five seconds in order to stabilize the
pressure in the system. After this stabilization time, 36 scans of the transducer
output were recorded and averaged by the acquisition system. The scheme in Table 1
provided for a zero point calibration of the 0-1 psid transducer and a two-point
calibration of the 0-15 and 0-50 psid transducers before and after the transducers
were exposed to the test ports.

A zero point calibretion of the 0-1 psid transducer was performed since this
transducer was used to align the probe with the flow direction by nulling the
pressure difference between the side ports of the wedge probe. A two-point
calibration of the other two transducers was performed to eliminate bias due to
transducer drift that might occur during testing. Calibration pressures of 4 and 35
psig were supplied by two Model MK100 pneumatic deadweight testers. Two of these
calibrations were performed for each test condition to determine if a transducer
drifted during the test measurement.

b. System Software and Data Reduction

The complete data acquisition process was preprogrammed on the HP 9825T
calculator. The system software commanded opening and closing of relays necessary
to convey information to and from the data acquisition hardware. The program
measured traverse positions, transducer calibration values, probe pressures and
probe temperatures. With this information, transducer calibration coefficients and
reduced parameters of temperature, total pressure, static pressure, Mach number, and
swirl angle were calculated. The program provided a printout or reduced data in
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engineering units as they were obtained during testing, thus minimizing' the need for
post test data reduction.

The first step of the reduction program was to obtain a straight line
transducer calibration from the on-line calibration. Details of this procedure are
shown in Appendix A. After the two calibrations (one before data acquisition and one
after) were compared and no appreciable change was evident, the data reduction was ]
continued. The raw data in volts were then reduced to actual probe pressures (Pl- ‘
PATM, P1-P2, P1-P3, P2-P3) and temperatures. These pressures were then converted to
profile pressures using calibration coefficients obtained in previous probe
calibrations. The total and static pressures and Mach number of the free-stream
airflow were calculated from the following relations.

Static Pressure

From Equation 2

(P1-P2) + (P1-P3)
2 (CPS) (3)

PT-PS =

where P1, P2, P3 are probe measured pressures indicated in Figure 4. Also from
Equation 1:

PS = P1-CPT x (PT-PS) (4)
Since Pl is not measured directly, the equation must be rewritten as follows:
PS = (P1-PATM) - CPT x (PT-PS) + PATM (5) .

The final form is found by substituting Equation 3 into Equation 5.

(P1-P2) + (P1-P3)

PS = (P1-PATM) - CPT x 57555) + PATM (6) E

Total Pressure: ,

PT = PS PT- N

PS + (PT-PS) (7) .

S

Substitute Equation 3 into this identity: N
PT = ps + P1-P2) + (P1-P3) (8)

2 (CPS)

v e, e =gy,
A A AR
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Combining this with tquation 6

(P1-P2) + (P1l-P3) (9)

= - + -
PT (P1-PATM) 2 (CPS) (1-CPT) + PATM

Mach Number

The Mach number is calculated assuming isentropic ideal gas
conditions from the following equation:

2 | ex Y-l/Y_ . 1/2
Y-1 PS (]0)

The data acquisition software flow chart detailing the steps taken and decisions
made during the test is shown in Figure 8. A complete program listing is shown in

M =

Appendix A.

c. Data System Uncertainty and Verification

The data system was optimized to obtain a theoretical acquisition
uncertainty of +1 percent over the range of total and static pressures measured by
the probe sensing ports. The total and static pressures measured by the wedge probe
ranged from 18 to 46 psi and 17 to 34 psi, respectively. The data uncertainty
analysis involved the development of uncertainty criteria for the system defined as
a function of component uncertainties and weighting functions, as described in
Reference 5. During the development of the data system, it was determined that an
on-line calibration of the pressure transducers was required to reach the goal of *1
percent uncertainty over the complete range of measured pressures. Data uncertainty
for the system described in Section VI.2.a is shown in Table 2 for pressures in the
range of interest with an on-line calibration and a maximum of 2% change in
temperature between calibration times. Details of the uncertainty analysis
procedure are given in Appendix B.

The correct operation of the data system was verified by placing known
pressures on the wedge probe tubing for Pl thru P3. These pressures were supplied
by a dead-weight tester. The reduced data printed out were crosschecked with the
pressure input to assure proper function of the data acquisition system. The system
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TABLE 2
DATA ACQUISITION SYSTEM UNCERTAINTY

Uncertainty Uncertainty
Total Pressure Psig (Percent of Reading) Static Pressure Psig (Percent of Reading)

2.26 2.3 1.75 3.1

4.52 1.2 3.33 1.8

6.26 1.0 3.97 1.7

10.45 7 6.95 1.2

12,91 .6 8.85 1.0

16.24 .5 11.52 .9

18.57 .5 13.05 .8

: 20.23 .4 14.40 .8

21.56 4 14.85 9

, 24.23 .5 15.74 1.0

! 26.89 .5 17.07 1.0

E 29.55 .5 18.40 1.0

E 30.88 .5 19.11 1.0

! 32.21 4 20.18 1.0

; 33.55 .5 20.18 1.0

: 36.21 .5 21.73 1.0
J
i
:
‘

t 17
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produced reduced data for the dead-weight tester input pressure within the
uncertainty of +1 percent. This verification was performed over the complete range
of pressures to be measured.

3. DATA ACQUISITION

The data acquisition system was transported to Pratt and Whitney Aircraft
Group, Government Products Division. The test was undertaken at one of the sea
level engine test stands at P&WA. The engine used in the test was an F100(3),
Serial Number P0O72. The traverse actuation system was installed on the engine at
the 2.5 station, and the wedge probe was inserted and aligned. The remainder of the
data acquisition system was prepared for the test in a temporary data acquisition
room next to the the test cell. After all data system preparations and engine
check-outs were completed, testing began.

The test plan was to acquire 12 data points across the span of the core duct at
the 2.3 and the 2.5 positions, as described in Figure 9 and Table 3. These
traverses were duplicated for fan speeds of 9,500, 8,500, 6,500 and 4,500 RPM. When
the engine had stabilized at the desired speed, the data taking process began by
translating the wedge probe to the desired position. A schedule for these positions
is shown in Table C-1, Appendix C. The wedge probe was then rotated until a zero
difference was achieved between pressures P2 and P3. Nulling was performed with the
use of a direct reading digital voltmeter. To initialize the data acquisition
program, atmospheric pressure and temperature, engine fan and core speed were
entered into the Hewlett Packard 9825T calculator. At the start of the program, the
traverse positions and wedge probe total temperature were initially measured. The
calculator then controlled the scanivalve to obtain the pressures shown in Table 1.
After the pressure data were recorded, the traverse position and wedge probe
temperature were again measured to determine if any changes had occurred during the
data acquisition. The calibration constants obtained before and after the data
measurements were compared to each other and to off-line calibration constants
measured before the experiment. If this comparison was to within .05 percent of
slope and intercept, the data were accebted and the calculator would reduce the data
to engineering units. The following reduced data were printed out on-line after
each point.

18
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TABLE 3
RADIAL LOCATION FOR TRAVERSE PROBE STOPS

Station 2.3 Station 2.5

Distance from Centerline in. Distance from Centerline in.
1.D. 10.09 8.75
"A" 10.332 9.034
"B 10.575 9.318
“c 10.817 9.602
“p" 11.059 9.885
"E" 11.302 10.169
wpw 11.544 10.453
"G" 11.786 10.737
YR 12.028 11.021
"I 12.271 11.305
" 12.513 11.588
g 12.755 11.872
e 12.998 12.156
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- Time of day - obtained from internal clock

- Oate

- Point Number

- Patm

- Maximum/minimum/average for Pl-Patm, P1-P2, P1-P3 in psid
- Fan and core speed.

- Traverse radial position and degree of rotation and their respective
percent changed during data taking

- TT, PT, PS, Mach Number, Swirl Angle

During each data point, the program stored the following on tape:

A1l individual points

Both sets of calibration constants

Values printed out in the short form printout mentioned above

The procedure, starting with translating the wedge probe, was then
duplicated for all 12 positions of the core inlet span. When a complete traverse was
accomplished, the engine speed was changed and allowed to stabilize. The complete
process of acquiring the traverse points was repeated. This was done for four engine
speeds at the 2.5 position and two engine speeds at the 2.3 position. Time
constraints forbid acquisition of data at the two other engine speeds for the 2.3
position.

The total time required to obtain the 72 data points was approximately six
hours. No unforeseen problems were encountered during the data acquisition phase of
this test.

4. RESULTS AND DISCUSSION

The high pressure compressor entrance profiles measured during the
experimentation are shown in Figures 10 through 21. The tabular data obtained in
this test are presented in Tables C-2 and C-3, Appendix C. For each plotted
parameter, there are four profiles shown for measurements at the 2.5 location. In
addition, two profiles taken at 2.3 location of that same parameter are shown for
comparison.
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acting the inlet hardware to the exhauster facility in the basement of Building
Preliminary test indicated that two Ingersol Rand exhausters connected in parallel
3 draw airflows through the chamber up to approximately 60 1bm/sec. The flow

s through the inlet hardware were controlled by three valves, as shown in Figure
These valves were actuated pneumatically from the test cell control room by the
uster control panel, shown in Figure 24. A filter house was provided at the

t hardware bellmouth to reduce particulate build-up on the instrumentation.

TEST ARTICLE

The CRF/F100 inlet hardware utilized for this program was designed and manufactured
ratt and Whitney Aircraft for the core compressor test program. During the inlet

profile tests, the core compressor module was not connected to the inlet hardware.
core was separated from the inlet at the rear flange of the intermediate case.
efore, the test article, as defined for this program, consisted of the following:

(1) Bellmouth Nose Cone Assembly

(2) Screen Holder Assembly

(3) Preswirl Vane Row

(4) Inlet Adaptor Duct

(5) Intermediate Case

(6) Diffuser Cone

(7) Facility Adaptation Ring
chematic of the hardware is shown in Figure 25. The hardware was designed and
ifactured early in the CRF/F100 contract effort so inlet profile verifications

d be completed before compressor test article assembly.

a. Facility Adaptation Ring and Diffuser Cone

An adapting ring was required to connect the intermediate case rear flange
he test chamber. This ring was designed to minimize flow path distortion from
intermediate case inlet guide vane (IGV) exit to the entrance of the chamber.
ras also designed to support the test article without the need of external supports.
adaptation ring installed on the test article is shown in Figure 26. In another
wt to minimize losses from the intermediate case to the large test chamber opening,
berglass diffuser cone was designed. The diffuser cone {shown in Figure 26) was
iched to the intermediate case bearing housing through an interface ring shown in
re 27. With the adaptation hardware, the intermediate case and diffuser assembly
d be installed on the front flange of the test chamber, as shown in Figure 28.
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SECTION III
EXISTING PRESWIRL VANE TEST
GENERAL REQUIREMENTS

Review of the F100(3) engine HPC inlet pressure and swirl angle profiles indicated
| new preswirl vane (PSV) design would be required to obtain such profiles in the
RF/F100 inlet. Existing vanes available from a previous F100 core compressor test
described in Reference 7) would not provide the profiles detailed in Section II.4.

‘he existing preswirl vanes were tested primarily to debug the data acquisition system
ind test method for the future modified vane tests. They were also tested to determine
he swirl profiles they produced. The test required that the existing preswirl vanes
e installed in inlet hardware designed for the CRF/F100. This hardware was then
nstalled in a flow test cell in the Aero Propulsion laboratory at Wright-Patterson

\ir Force Base. The facility provided compressor corrected mass flow rates eguivalent
.0 those encountered in the engine test. With these airflows, swirl profiles resulting
‘rom the existing vanes were measured at station 2.5 and compared with those detailed
in Section I1.4. Section III defines the inlet hardware and test facility. It also
letails the changes required in the data acquisition system described in Section

1.2 to accommodate this test.

2. TEST FACILITY

A facility that could provide 54 1bs/sec corrected mass flow through the CRF/F100
inlet hardware was necessary to determine the swirl angle and Mach number profiles
generated by the existing vanes. Preliminary testing of an engine test cell in Room
24, Building 18E of the Aero Propulsion Laboratory indicated that it could provide
the necessary flow capacity. Modifications to this engine test facility were required
to accommodate the CRF/F100 inlet hardware. The facility was equipped with an altitude
chamber that provided altitude and increased Mach number engine testing. The altitude
chamber was not required for the CRF/F100 inlet duct test because the capability for
ram air conditions do not currently exist in the CRF. Therefore, the inlet hardware
vas mounted on the inlet flange outside of the chamber to make easy access to the
hardware, as shown in Figure 22. The chamber was used as a large diameter pipe
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Inlet preswirl vanes will be used to simulate the entrance swirl angle
profiles, while a series of screens will be used to simulate the total pressure
profiles. Since the CRF currently has no temperature distortion capability, no
attempt will be made to simulate the temperature profiles.
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The largest change between the two axial locations occurred in the swirl angle
profiles. Swirl angle is defined as 90 degrees minus the angle of flow with respect
to the engine axis. This 10-15 degree change to a more axial flow at the 2.5 location
is probably a result of the eight radial structural supports in the intermediate
case between the 2.3 and 2.5 locations of the F100 engine. The swirl angle profile 3
at the 2.5 location remained relatively constant throughout the speed range of the
engine, varying only #2.5 degrees from an average swirl angle profile. However,
across the flow path, the swirl angle varies as much as 13 degrees. It is possible
that this spanwise variation is due to variable angle of attack on the struts at the
different spanwise locations. The angle of attack variations can result in stalling
of the intermediate case struts at different spanwise locations. This stalling would
also result in an inlet distortion to the compressor thereby reducing performance.
Stalling of the struts can be the reason for this spanwise swirl angle variations.
The limited amount of data obtained prohibits conclusive proof of that phenomenon.
It is, therefore, only suggested as a possible explanation of the phenomenon. | f

The mass average value of the plotted parameters in the other profiles should
be the same for both the 2.3 and 2.5 locations since the flow area at each location
is the same to within 1 percent and no energy is intentionally added or removed from r
the airflow. The variations in the 2.3 and 2.5 profiles that exist at the nominal .
4,700 RPM engine speed are due to a slightly lower engine speed while the 2.3 location
data were taken than when the 2.5 data were obtained. The variations between the
two locations at the higher engine speed is probably a result of higher uncertainty N
in the pressure reading due to the fluctuation caused by the fan rotor, as indicated :
in References 3 and5.

The engine profiles that were obtained in this experiment will be used as a
design tool to obtain simulated profiles in a subsequent high pressure compressor
test. Even though the effects of probe blockage and probe wall interactions do exist,
these effects will be the same in both the engine test and the compressor test since
the hardware is approximately the same. The significant effect that cannot be simulated =
will be the fluctuation effects of pressure, swirl angle and temperature resulti: :
from the rotating fan blades. The profiles measured at the 2.5 location, approximately
four mean chord diameters downstream from the last rotor row of the fan, should be

relatively unaffected by these fluctuations, as indicated in Reference 6.
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b. Intermediate Case and Inlet Adapter Duct

The intermediate case for the CRF/F100 test article is an F100 Series 2
intermediate case. This is not the same case as was on the engine (S/N P072) discussed
in Section II. The differences between these two designs will be discussed later in
this report.

The Series 2 intermediate case assembly consists of an 8 strut compressor
shaft support ring and a 90 vane inlet guide vane asse